ERBHLEDITIEFHEOEERZIET 348,
ERK1/2 DV Bt Z2El3 5

H ARt A TRk K
B Bk
(FRE R BE—BB 2d%, ok EA %, W& S R,

PR (= HEEDR)



L=
BE): BREBEL 2RI DAL T— RUSICE > T, ERBHEEY (advanced glycation
end products: AGEs) 34415, AGEs 1%, ERO2ToO/MfS L OMKK CAER SN,
FEIRIpi 72 & O MFRRRE T OIS 5, F72, AERPICERET 2 AGEs 13, HEx ZefERm
PEADHESE OYEgIEI B L RIT T Z LV RENTWD, LarL, AGEs HVEHHlD
JRAGIZ AT RO T DFER A 1 = R LIRHTH D, & 2 TANFZEE, AGEs 28

BB TR BAE T R E Ml A R 2 Z L 2 B E Ls,

F7¥: AGEs 28, ~ U A E ARG (MC3T3-E1 #ifE) OE 2EHIE > bt B s 5 R
-f-& LC runt-related transcription factor2 (Runx2) 33 TN osterix, Ffast~ ~U v 7 2%
2327 L L typelcollagen (Coll) 33N osteocalcin (OCN) D mF-F6 LK v /7 FHL
IZ AT T E T, F£72, MC3T3-El #lfEo alkaline phosphatase (ALP) {435 S OVHifE
N bV w7 A (ECM) OANY T LEONTHRG LTz, 512, AGEs 28, Hlglis
7 F IAREEIR - extracellular signal-regulated kinase 1/2 (ERK1/2) @ U »FR{IZ T T 2%
ATz,
FES: AGEs 1%, Runx2, osterix, ColI[3J T OCN OFEL, ALP D JOVECM D 1V
VU LBEERD ST, IHIZ, AGEs X ERKI1/2 OV (A L7,

f&am: AGEs 1 X invitro |2\ TEIEMIIRD /b L O IRAL 2 #di35 Z L VR X7z,

F—U— R SR LPEY), ‘BTERk, ERKI1/2
1



Abstract

Purpose: Advanced glycation end products (AGEs), generated by excess sugars and proteins via

Maillard reaction, are obtained from the intake of processed food. AGEs are often increased in

hyperglycemic disorders such as diabetes and possibly associated with bone fragility. However, the

role of AGEs in osteogenesis is yet to be understood. This study aimed at examining effects of AGEs

on osteogenesis in osteoblasts.

Methods: Mouse osteoblastic cell line MC3T3-El cells treated with AGEs, were cultured for up to

21 days. The effect of AGEs on the mRNA and protein levels of osteoblast differentiation-related

transcription factors, extracellular matrix proteins (ECMPs), extracellular signal-regulated kinases

(ERK) 1/2 phosphorylation and alkaline phosphatase (ALP) activity in MC3T3-E1 cells, and calcium

content in the extracellular matrix were examined.

Results: AGEs decreased the mRNA and protein levels of these transcription factors and ECMPs

related to bone formation. AGESs also inhibited ERK1/2 phosphorylation and ALP activity in MC3T3-

E1 cells, and the extracellular matrix calcification.

Conclusions: These results suggest that AGEs suppress osteogenesis in osteoblast through the

inhibition of ERK1/2 phosphorylation.

Keywords: AGEs, ERK1/2, osteogenesis, alkaline phosphatase, osteoblast differentiation-related

transcription factors.
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AP LPEY) (advanced glycation end products: AGEs) 1%, # /37 Li&E5oHEDIEREFEN)
OGS TH D AA T — KRG Lo TERSILD Y, ARNT AGEs If, FERF72 EOfif
PERRECAERR S 4L, L AGEs 1L, FERIIPESOHEDFIEICRIH L T\ D Z L3 iiE S
WCWD 2, FEiz, AGEs X, RO TOMMF L ORI CAER I, ARNICERT
% 2, HERNTD AGEs DA A 77— REUGIE, ERINTETD AL 77— REIGL D HIEN
IRECHETe 2, MNA T, AERNTO AGEs OFEFHIL, A AV ARG EFISERS 28
PRIGEOHIMZBRE LTV D E G ST D 3, Fiz, mERHbIIE0EMI > T
IV, R ENTZ AGEs 132 7 —F V OAGRICE B Z KITFT LEZ BT 5 ), AGEs
D—DThHDHNY FV Y (PEN) EAWNVARFI ATV UNETHI VU BLOT IV
FoUB Y, TR ENERNE LOEERNNC 2 7 — 7 VR AME T2 2 s S
ALTWD 9, PEN 72 & D AGEs 23815 &, B OIREME N T2 Z & 7% exvivo THES
TS TI0 Fi-, MiF LOYRHO PEN REOHINE, 1 FBERP (TID) BLU2
TUREPRT (T2D) BEOEFEYTY A7 OHME BE L T2 Z & 033 L O%Im & =4k
— MIFZEL DA SN TND MY, b 0mMmEND, BEREICET 5 AGEs OEfEIT
B OMEFEIZ L 5.2 5 Z EPVRBI TN D,

BUET Y70, BHMIIC L DB S B E IS X 2B A Ehi) P 2> =
ETHERF SV D, 2RI, R b 2R S DR & Zelis BRI 10 IRA LI Rk

B 5T D MEsb~ U v 7 A K X7 (extracellular matrix proteins: ECMPs) % PEAET %



Z & CTEERA AR LT 5, runt-related transcription factor 2 (Runx2) & %M Tt osterix
%, EEFHIEOMUIZ Y ZETR master regulator T2 ¥, F7z, type I collagen (Col 1) &
osteocalcin (OCN) %, ‘BHMIRADMEICEHET HEE/ ECMPs Téh %, TID & T2D T
1%, BRE~— I — ORI S TN D P, BERIFIZEIE L7z AGEs OFFELYVE Ol
FEEEVET VB E B 2 T D 2 L in viveo X ex vivo 38 L OREREIIIZED D
AN SATND PO UL, AGEs 23 in vitro (23 TEEFMIIO BIEAUC KIS
A J) = A LDFEHAMIANRA RSN LN, & 2T, AU, AGEs 23, ‘BHfiuoA K ks L
OV 7 VRS MAE T8 2 et Uiz, BARANITIE, MC3T3-El #ilaz AGEs THil
WL, BIHFMRSEICEEET 2B RT3 L ECMPs OBIR B8 LN /X7 FH,

alkaline phosphatase (ALP) &M JOMEIA A~ KU > 7 2 (ECM) DAL D LA~
7co NZ T AGEs 2VE 350~ ligand & L CER L TV D0 & HERE S %5 72 81T extracellular

signal-regulated kinase 1/2 (ERK1/2) DV A IZ RIXTHEEZ T~



MRS X Ok
1. AR
MC3T3-E1 % 96 F£7-1% 6-well 7" L— T 2.0 x 10* cells/em® D#EFETHEREL, 10%
UhRIEIMYE (FBS; Hyclone, Logman, UT,USA), 1% <=3V /A ML T h=A /T R

TV B (BLE7 4V 2FeM3E, Kik) AN L7 alpha modified Eagle’s medium (-

MEM; &L 7 ¢ /L LR 2528 & U TRV, 37°C, 5%CO0: T#7E FC 24 Wifiisa& L,

MRRDEEZHER LT, P, BRI 3 B 2 &1 17,

2. AGEs Ol

AGEs OYERUTFATIIFEICHE L T T 27219, 10 g 7 IiE 7 /L7 2 > (50 mg/mL, BSA,
BT AV LARDEHEK) & 1.8gDL-Z U 7Lk R (0.1 M, Sigma-Aldrich, St.Louis, MO,
USA) 2, 04g V=T LY RUT I XU AN w78 (SmM,DTPA; ThH I AT A7,
AR AT 200 mL U EERREAEFEAIEK (02 M, PBS: pH 74) ZI1%, WESMET,
37°C, [F#5% 250 rpm (ZFRE LT 7 HREA &% 2_X—% —3 = —7%— (Marshal Scientific,
Hampton, NH, USA) CH% S TERIL 7=, ¥KRIZ, PD-10 7 7 2 (GE Healthcare Bio-sciences

AB, Uppsala, Sweden) ZH\W\C, ROy FBRICMET VT & RERELT,

3. MR

AGEs % 0, 50, 100 33 L T8 200 pg/mL & 725 K 9 ICFHE U7 fifassassi < 1, 3, 5, 7, 10



BIOV14 HREESE L, MIEEAE R L7, #faZi% cell-counting kit-8 ([F—AL~7, REA)

ZHWCEHAIL 7=,

4. Real-time polymerase chain reaction (real-time PCR)

MC3T3-El #lif% 100 pg/mL @ AGEs THIFH L, real-timePCR O 7L L LT3, 735
FJO 14 H BICHIfLA BN L7z, AGEs 3E/#(E F D MC3T3-E1 il (0pg/mLAGEs) 1%, =
v he— L LT L7z, M5 RNeasy Mini Kit (QIAGEN, Hilden, Germany) % H]
WTARNA 2 L, 43606 EET NanoDrop 1000 (Thermo Fisher Scientific, Waltham, MA,
USA) T RNA JREZHIE L7z, Prime Script RT Master Mix (¥ 51 7 /34 7, BE) ZHW
T 500 ng/mL ® RNA 7% complementary DNA (cDNA) #Z1{Ep% L, SYBR Greenl (¥ 75
A F) 1TED real-time PCR 217722, J7205H, cDNAWIK 2 uL LK 1 IR T 77
A ~—% %10 SYBR Premix Taq (¥ 5 7 /5 &) %% 23 uL T, Thermal Cycler Dice Real-
Time System (¥ 717 /5 ) % HWT PCR BJUSETo70, RISIE, 95°CT S BB LD
60 °CT 30 B2 %A 7 /v 7% 35 [l 0 il L7z, PCR EEW) D S JRR iR AT 2
Thermal Cycler Dice Real-Time System DY 7 N =7 TI{To72, EOREEND 2AACtiET
LT OHEEZ KD, N AF—E 0 TBUn T Tdh D B-actin OEF & THILE L7-fE2 &

ffR8iEL Lz,

5. SDS-RYT 7 IYNT I RF)VESIKE) (SDS-PAGE) I X T* Western blotting



MC3T3-E1 #fifdz 100 ug/mL @ AGEs THIFAL, 553 HH Runx2, 17w a5 —5
>iproColl BN 2 F — 77 451+ Coll DY), 7 H B (osterix) 3 X OV 14 H H (OCN)
(R A [FY L7z, & 512, MC3T3-E1 #lifE% 100 ug/mL @ AGEs T 5 73l L, ERK1/2
B X O phospho-ERK1/2 (p-ERK1/2) DX 2737 3B AR5 1= DI A [BI L=, 4
> XY B 40-80 pg FHXY &G eiifubs 2k & SDS-PAGE Okl E L7=, SDS-PAGE i 10%
AU 727 U7 I K7L (Bio-Rad Laboratories, Hercules, CA, USA) % FHWTITVY, &EXIK
#htg, 7V EDH 37 % PVDF i (Bio-Rad Laboratories) |Z#55- L 7= 2D,

Western blotting (233 TlE, 1 &btk E LTHL ERK1/2 Hif& (Cell Signaling Technology,
Danvers, MA, USA), T p-ERK1/2 Htf& (Cell Signaling Technology), #T Runx2 /& (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), #1 osterix #1{& (Santa Cruz Biotechnology), #1T Col
[ /& (Santa Cruz Biotechnology), $1 OCN $tf& (Santa Cruz Biotechnology) 35 X UMWt B-actin
PUfA (Santa Cruz Biotechnology), 72 2 IKFifk& L T AT UEGROILY V¥ 1gG Hufk

(Santa Cruz Biotechnology) = 7=13#Hi~ 7 A IgG $1{& (Santa Cruz Biotechnology) % iV 7=,
IHIZ, AR H PR A N LT R T BV LRI I Z 721 ECL prime reagents (GE
Healthcare, Chicago, IL, USA) THJEUi%4TV Y, Chemidoc XRS (Bio-Rad Laboratories) T
PVDF &t L, TNENDF 37 BRIz, N RTORSNDFEEOMRSIL
Image] Y7 7 =7 (National Institutes of Health, Bethesda, MD, USA) THfiE{l L, B-actin

BECHIELIEZ Z o7 EBIER LT,



6. MK~ v 7R (ECM) DHNTD LB ITALP §uf,

MC3T3-E1 #iff1% 100 pg/mL AGEs, 50 pg/mL 7 A =LE U, SmMpB-27 Yt w U Uk
BLOIx108MFFH ALY L e hl221 AREEE L2, 201, 300 ul @ 0.5 M
HCI 24 well \IZHSINL, ECM ZK L CHLL T AR EH S, v T L&, &
NV TLET ARy b (BLET7A VLR 200 L THIE L P, ALP 3,
Mz 10%/ X7 RV LT VT B REIR (BT AV AROEHEEE) T 20 ofEEL, ALP
Yethiik  (NBT/BCIP ready-to-use tables; Roche Diagnostics GmbH, Penzberg, Germany) % 30 47

IR S 872 2,

7. BERPERIDHT

ALY, A5 F O EMIMEIT Shapiro-Wilk OIEMIMERE, 08X F #E E 7213 Bartlett
FRIE CHERR LT, —IohiiE@ oot Tukey DL HEIEE, F7201X/ 23T A MU v 78R
& & LT Wilcoxon signed-rank test fRE 21TV, fEBRE 5% Am 4 His I FHIA AL LT,
kB, B77 7 ORPON—ITEERZ, BOTRIT R DRKME, 53 MWahn, 552 M
L, B 1AL K OR MEZ /N, 2O ORGEHFRIZONILEZR V7 h D=7 (EZR

1.23: BIRERKRFMBE S WEEREE Z—, SW2FE) ZHWE P,



S

1. AGEs 7% MC3T3-E1 HERROAHEFEIC KIE 8

200 pg/mL AGEs #IIERETIE, 2> hu—UREE B L C, 55285, 78X 0010 B HIZE
W CHIRER O B 720558 bivie (1), & 2T, Ml 2% M S 720> 72 100

ng/mL AGEs % LI FHV e,

2. AGEs % MC3T3-E1 #f0DE ks UREREERER 7 & ECMPs IZRIETHE
AGEs i, 55483 H H® Runx2, 552 7 35 L0V 14 H HD osterix DEBE - HELEZ A E
[ S8 (X 2A, B), £72, AGEs fillliiE, 5583 HHO Runx2 BLUOHEE 7 HHD
osterix DX /NI FEB AR SET2 (M 2C, D), ##ED 3, TR XV 14 HATAG
Es ili#%, OCN OBRFHE A A EICHD 72 (X 2F), £7-, AGEs #ill#i335#% 14 H
HIZ OCN O X 37 #BAAEICED S (K20, —J7, Col 1 OEETHELUIIL
AGEs JIIi OB IZRD bivig o7z (K2E), LaL, AGEs #ilidiE, ¥5#%3 HH 12 Co

1 1% 230 382/ EID 8728, pro Col 1IZITEE%E KIE S -7 (K 2G, H),

3. AGEs 2’ ECM DA/ AEB I ONALP Y2 RIF 8
oy ha— A BECEBIT D ECM OBV AL, BE% A BRI ZHIN U7=23, AGEs
FINEECIE, 58 4 B O21 HETHEEICED L= (K3A), £7-, AGEs B4R Tl

ETOEFEA T b —/UiE & g LT ALP ZetafEMEK T L T2 (X 3B),
9



4. AGEs 75 MC3T3-E1 AHiAD ERK12 DY UBLIC KIE B

AGEs §ill 5 /5t Cay ba— Uit L bl L, ERK12 OV UEREAMET L7= (X14),

10



Z %

FERI ClY, BHEREB LB O U A7 RENZ & B 2N E TOMZETHE ST
%o TIDIE T2D & it U CHEEDMELS, KBS Ero U 227 23Evy, —J5C, T2D I3,
BERENIER THHIZ bbb, IKBEHETOU A7 13 EFT2 2 Lavran Tk,
PEIRIP & B OWEFIHEIC OV TOREIE, +ITiTfEH STV 2620, 22 Th, D
Magatkz 51 EE 2T HEHRD 1 DEEZ BT\ D AGEs 1E, FERIFISER T 5 Mk g
ICE > THEERNTERESND P, UL, AGEs 2V IR B AU KIZTREIC S
TIIRHAZRRDNZ, & 2 TR, AGEs 23 ECM IZ351) 5 AR bEs L OVESHfiino ~
I IABTERIEA T A E T R AR~ T,

Runx2 [ 3ASH L RIESHRE &5 M~ D/ ERFET % master regulator T, FEBLA 1]
SH 5 L HIFEO TS5 19, Runx2 ~7 v XK~ T AT, $EIESE I AIE
EMHIN D BREURIEDSFE L, ZIUTEHFRIRO 3 EOEIENER L 22> T D, S
512, Runx2 FAEXRE~ D AFHAEBRIZELE L, BIFEMIEAREATH 5 72D B
ERBOHNIRNT LD, Runx2 OARERBEEN G 01 X LRENEL 7 v & 2
DG EFRCT oy 7 $5Z L 2R/B LTS P, osterix | %, Runx2 O FIfICIEET 5
HAE R C, Runx2 & [RERICE 5RO 3k 208 L T 5, AWFFETIE, AGEs 73 Runx2
& osterix DFEBLEAMHIT 5 Z LAVRENTZ, ZOFERNS, AGEs 73 Runx2 & osterix FHi,
D SHDH & THIFMIOEAIH] LTV D ATREMEDVRIZ Sz, IRIZ ECMPs @

G I3EL & X X7 BBk D AGEs D28 Wit LU=,

11



Col |l DEHEEIRTH D 27 —7 UHiEY, T2 ECMPs Th Y, B OO FAET
HoHe RrXo T /3% A | (HA) OFEEEIEROTZODRSEE L THEIEL TW\1W5 30, 27
— 7 UG TERGERE T Col 1 D 3 RO a 88 U ~T7'F RIFMIANC=E O AME L 725
TraZ—r L) RIS ST, N KRB X ONC KRR Y X7 F Rl i,
a7 — UL 72 % 30, ARIFFETCIE, AGEs 14 Coll OB 5 - RBUIEEE JIE X8>
72o —77, AGEs I Col I F$B1Z 8l L7273, pro Col I BEUZITHE L MT X 72072, 2
NHORERIE, AGEs 23, 27 —7 031G ad—r UiE T 5 7 ot A g

AR I X N DA QYR

OCN I, BIZEENDIEaT —F a2 X0 OF) 15%% 5D, y-HVRFT 7 H
BRI RO FED 37 T 5, OCN 1A IKAIEBREATE O ZEIa /b B2 s
L, AKEEZIEIT 5 2, A TIE, AGEs 12X TEIFMI MMk s s 2 &
(2 E 0 APRACDSBHEE L7220 e, Bl T OCN HENE L& &2 b,

FIRAIE, BRI R OMIERET < OESE/IMEAN T HA fidd OB SN D 2 LT
BAtGT 5, HA FispIIFEE/ MaZik-> THlREL, 2T HA OILENEL D, £z, BH
U UBRIY, HA MO RZIET 2 P, B0 mm  ALPIEMET, AKIKICKEZRR
FICBT 2 URRRED bR-L, vu ) VRO RZSr U CTEEFMllOAaR bz LA S8
D EWE ST D B, Gerstenfeld & 31, AIRALBRAAREIC @V ALP IEVEAHERFT2 2
S, BRI AIRIGICBWTEETH D Z LR LTV 5D, ABFFETIE, AGEs i3 ALP

IEMEZD S8, ECM OV o AEEZIILTc, 206 ORERIE, AGEs 23 invitro 1235

12



I~

VOB O A L AT D Z & AR T D b O TH D,

ERK1/2 |%, mitogen-activated protein kinase (MAPK) A—/X—7 7 I U—D 1-D>7T, &
TERI O/ LIZBEE 95 ECMPs, fibroblast growth factors 33 JX OF bone morphogenetic protein
REDEET LI EIERG Lo TY VS 359, AHFJETIE, AGEs 2VE3
HIRIZ ligand & U COMER ZHERT 572912, AGEs 2% ERK1/2 O U I M IE 3 R
AT, TORER, AGEs 13 ERK12 DU AL ZANHI L 72 Z &5, AGEs 23F il
\ZRBLT 55K (receptor of AGEs: RAGE) %71 L CEFEEA LT A Z E R LI

ST,

13



e w

AMFIEIE, AGEs (100 pg/mL) 002 7= fifaks2eb51¢ MC3T3-El filaz kL, =0

Y

B
51;’/, I3

i

L.

MRt L7c, TORERUT DO Z EAVRS T,

AGEs (%, Runx2 3 XU osterix DIEIs T3 LN /37 FgHLZ D ST,

AGEs 1%, Coll DM FHBUITREEL KIFE I 727> 72—J5C, mature Coll DX
IR FEHL D SH T,

AGEs I, OCN OB FHBIF LY L7 FBLZ R SHT,

AGEs 1%, ALP{EMEAINT SH72,

AGEs 1%, ECM DAV T AikERZED ST,

AGEs I, ERKI1/2 @V U fbZ2H0/H] L7z,

VU LEDO#EDS, AGEs 23VEH MO Z2 442 2 & THIKIRIZ LT H I

TERT % Z & AVRE S v,

14



#AfEde L UORARER
FRafb 2 DIZ, AMIFREATICHTZY, ¥l THREZHHEZ G D £ Uz AR R
HR B RRRE R R L ORE R —RRBdR, AR DS RENEIRIGEA T L LY
ST L BT £
F70, AWERE UL RS T L THEEIBY F UICARERAA A RRAE O S
TR, ERARREIRIE R OPTEY R A hheD, RRBRIENRIE AL L OVE(L
SR D BRI IR ST L £

RSB LT, B & RIS,
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K1 774 <—0DkS

Target Primers GenBank Acc.
5-GCAGTTCCCAAGCATTTCAT-3'

Osterix 5'-GGTAGGCGTCCCCCATGGTTT-3' NM_001348205.1
5-AGACGGGACAGCCAACCCTAG-3'

Col 1 5'-AGAAGGATTGGTCAGAGCAGTG-3' NM 0077433
5'-ACAACAGGTGTCAGGGTGTT-3'
5-AAGGCTTTGTCAGACTCAGGG-3'

RAGE S-TGAACTCACAGCCAGTGTCCCTA-3' NM_007425.3
S-TGCCATCGGGAATCAGAAGT-3'

B-actin 5'-CATCCGTAAAGACCTCTATGCCAAC-3' NM_007393.5

5'-ATGGAGCCACCGATCCACA-3'
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